Purpose: To estimate the incidence of unprovoked seizures (US) and epilepsy in a general population from the southern part of the Netherlands, in relation to age, sex, etiology and seizure type, and to identify predictive factors of the epileptic and nonepileptic seizures. Methods: All patients aged 14 years with a first seizure or who had undiagnosed seizures before the study period were included. Patients were identified from different sources and were independently evaluated and classified by a team of neurologists. A predictive profile for the occurrence of epileptic and non-epileptic seizures was obtained by stepwise logistic regression analysis. Results: The overall annual incidence was 55/100,000 and 30/100,000 for US and epilepsy, respectively. The age-specific annual incidence of US and epilepsy increased with age and reached 120/100,000 and 62/100,000 for the 65 years of age group, respectively. The incidence of epilepsy and US in males was higher than in females and partial seizures prevailed over generalized seizures (40 versus 9/100,000). In up to 35% of the cases with US or epilepsy, the etiology was mainly cerebrovascular disease and brain tumors. Predictors for epileptic versus non-epileptic seizures of organic origin were an epileptiform EEG pattern (OR = 0.06) versus a history of hypertension (OR = 2.8) or cardiovascular disease (OR = 5.4). Strong predictors for seizures of nonorganic origin were female sex (OR = 2.2) and head injury (OR = 2.4).
Introduction
Prospective population-based studies of epilepsy provide information regarding the incidence, natural history, associated mortality and risk factors for epilepsy. Furthermore, these studies have the advantage to provide a representative sample to allow unbiased evaluations of several variables of interest. 1, 2 In several countries the incidence of epilepsy has been studied but only a few of these studies had a prospective population-based approach. In the Netherlands, so far, no incidence study of epilepsy has been performed.
The purpose of the presented prospective population-based study was to estimate the incidence of unprovoked seizures and epilepsy in a well-defined population in relation to age, sex, etiology and seizure type, and to compare the results with that of incidence studies in other countries. It also focused on the characteristics of the cohort with epileptic and non-epileptic seizures with the aim to identify predictive factors which can enable an early diagnosis of these seizures.
This study was conducted as part of an epidemiological project of seizure disorders in Dutch adolescents and adults in Maastricht and its surroundings, which is a well circumscribed area located in the southern part of the Netherlands.
Methods

Study population
The baseline survey was conducted from October 1, 1998 to September 30, 2000 in the area of Maastricht. Its total population on December 31, 1999 was 190,860. 83.4% of the population was aged 14 years old and comprised of 48.5% males and 51.5% females (Central Bureau of Statistics, the Netherlands). The health facilities in this area, which lies within the zip-code areas 6200 to 6299, consist of 90 general practitioners, three nursing homes and one hospital, the Maastricht University Hospital.
Case ascertainment
Multiple overlapping strategies were used to identify cases. All general practitioners, residents of neurology, neurologists and child neurologists in the study area were asked to refer patients with newly diagnosed seizures (epileptic and non-epileptic) directly to the investigators. They all agreed to participate in this study. In addition, we surveyed all EEGs and neuroradiology reports performed during the study and the clinical files of all the individuals who had received the diagnoses syncope, convulsion, epilepsy or attacks of unknown type during the inclusion period of the study in order to find patients who had not been reported through other sources. All identified cases were evaluated and their data were recorded in a systematic way. Whenever possible, the patients were also (re-)examined in a standardized manner by one of the authors (I.K.) (medical history, physical and neurological examination). Blood screening tests and an ECG were performed in all cases. EEG (standard and/or sleep deprived), neuroradiological examinations (CT or MRI), and video EEG were performed if indicated for a more precise diagnosis.
Inclusion and exclusion criteria
All individuals aged 14 years who were residents in the investigated area at the time of their first seizure were included. Included were also patients who had undiagnosed seizures before the study period and had not received any antiepileptic drugs yet. Children with seizures aged between 0 and 13 years were not included in our study since we had not the possibility to (re)examine these cases (these children are referred to pediatricians and child neurologists). Excluded were all patients who had an acute symptomatic seizure.
Nursing homes
During 1 year, the nurses in the nursing homes provided monthly reports of all residents with seizures and their possible cause. They also reported the age and sex of these patients and if they had been treated with antiepileptic drugs before the study period. Some of these elderly patients had not been referred to the Department of Neurology and, therefore, were not examined by one of the authors and did not have any EEG or neuroradiological investigation. For reasons of confidentiality we could not define the number of these patients and we were not able to review the medical files of the reported cases in the nursing homes in order to obtain more information about their seizures and their possible etiology. Thus, for the determination of incidence, cases from nursing homes were analyzed separately from the other cases. If for these patients a known remote symptomatic cause had been reported, it was considered as the cause of the seizures; if not, the seizures were determined as unclassified.
Definitions
The seizure that led the patient to seek for medical advice (general practitioner, emergency room, or Outpatient Department of Neurology) was defined as index seizure.
Epilepsy and epileptic syndromes were defined and classified by seizure type (partial and generalized seizures) and etiology (remote symptomatic, cryptogenic, idiopathic) according to the Commission on Classification and Terminology and the Commission on Epidemiology and Prognosis of the International League Against Epilepsy (ILAE). [3] [4] [5] The incidence of unprovoked seizures was defined as the number of patients with a first unprovoked seizure per 100,000 inhabitants at risk per year. The incidence of epilepsy was defined as the number of new cases with epilepsy in a population at risk per 100,000 person-years. The denominator for the incidence was the number of residents aged 14 years at the census year 1999.
Diagnosis and classification of cases
Two authors (the neurologists M.d.K. and J.L.) independently evaluated the files of all cases and classified the patient's index seizure as an epileptic seizure, a non-epileptic seizure of organic origin (e.g. syncope, benign drop attacks), or a non-epileptic seizure of non-organic origin (e.g. panic attacks, hyperventilation attacks, non-epileptic psychogenic seizures). The classification of cases was based on the clinical manifestations, EEG findings, neuroimaging findings, laboratory and ECG data acquired within 6 months after the index seizure. As such, a definite diagnosis was obtained from all the available data within 6 months after the index seizure. In cases of disagreement, a consensus was reached with the aid of a third neurologist (the author J.T.). All three neurologists had a wide experience in the field of epilepsy.
The two neurologists (M.d.K., J.L.) also classified all cases with unprovoked seizures or epilepsy by seizure type and etiology according to the classification proposed by the ILAE, 3, 4 based on the clinical description of the seizures and on data from ancillary tests. For instance, a patient with generalized seizures and focal findings on EEG or neuroimaging was classified as having localization-related epilepsy and secondarily generalized seizures. Patients in the category of undetermined epilepsy or unclassified seizures had no sufficient seizure description with normal or lacking EEG and neuroimaging findings. A single seizure irrespective of the EEG and neuroradiological findings was classified as an isolated seizure. This seizure could be partial, generalized or unclassified.
The kappa value for the inter-observer consistency of the two neurologists (M.d.K., J.L.) on the diagnosis of unprovoked seizures versus non-epileptic seizures was also determined.
Statistical analysis
The percentage distribution of all incident cases was computed by seizure type and etiology. Age-specific and sex-specific incidence rates were also determined.
Furthermore, predictive factors for the diagnosis of epileptic and non-epileptic seizures were examined by means of logistic regression analysis. The following variables were entered into the predictive model: age, sex, living situation (e.g. living alone or with others), occupation (e.g. full-time, part-time, unemployed), education level (e.g. low or high), concomitant diseases (e.g. head injury, depression, cardiovascular diseases), family history of epilepsy, febrile seizures, medication (e.g. against hypertension or diabetes), provoking factors (alcohol abuse, sleep deprivation, tiredness, and stress), and findings from diagnostic procedures (EEG, CT and MRI). The variable age, which is the only continuous variable, was transformed into a categorical variable according to the age limits defined by the Central Bureau of Statistics for the general population (i.e. 14-24, 25-44, 45-64, and 65 years). A predictive model was obtained by stepwise logistic regression retaining only the most strongly related variables. Ninety-five percent confidence intervals (CI) for the statistically significant predictive factors were calculated.
Two outcome contrasts were defined: (1) The unprovoked seizures and non-epileptic seizures of organic origin were compared to the non-epileptic seizures of non-organic origin. (2) The unprovoked seizures were contrasted with the non-epileptic seizures of organic origin. As a form of sensitivity analysis and to ensure the entry of variables with coefficients different from zero, we successively used as a criterion for the inclusion of a variable the values 0.05, 0.15, and 0.20, as recommended by Hosmer and Lemeshow. 6 
Results
Study population
A total of 350 cases aged between 14 and 92 years (mean, 49 years for men and 51 years for women) were entered in the study. Specifically, 163 (46.6%) men and 187 (53.4%) women were included in this study. In all, 71.1% of the patients were examined in a standardized manner by one of the authors (I.K.) whereas 28.9% of the patients were not seen by this author. This last group of patients was consisted mostly of: (a) patients who had a bad clinical condition at the time of their admittance and were usually discharged to the nursing homes directly or (b) patients with a known neurological disease such as brain tumor or cerebrovascular disease who were often referred to their own neurologists at the Outpatient Department of Neurology.
The kappa value for the inter-rater agreement was good (0.92, 95% CI: 0.88-0.96). Table 1 shows the frequency of diagnoses of epileptic and non-epileptic seizures in the study population. Ninety-four (54%) of the 174 cases with unprovoked seizures fulfilled the diagnostic criteria for epilepsy as they appeared to have had two or more recurrent unprovoked seizures.
A neuroimaging study and an EEG was conducted in most of the cases. Specifically, in 125 (72.7%) patients with unprovoked seizures and in 74 (78.7%) patients with epilepsy a CT scan was performed whereas in 66 (38.4%) patients with unprovoked seizures and in 38 (40.4%) patients with epilepsy a MRI was performed. Furthermore, 140 (80.4%) patients with unprovoked seizures and 74 (78.7%) patients with epilepsy had an EEG (standard and/or sleep deprived).
With respect to the unprovoked seizures, in 45.7% of the cases the first seizure was also the index seizure. Only 17.9% of the cases had more than five recurrent unprovoked seizures before the index seizure. In more than half of the patients (62.4%) the first seizure had appeared in a period of less than a month whilst a few patients (14.4%) had experienced their first seizure more than 12 months ago before admittance to the study. The duration of the index seizure was less than 1 min in 6.2% of the patients, between 1 and 5 min in 55%, between 5 and 15 min in 34.9%, and more than 15 min in 3.1%. It appeared that more than half of the patients who had seizures lasting less than 1 min had experienced five of more recurrent unprovoked seizures before the index seizure (53.1%). It is likely that these patients probably experience mild seizures which may not be recognized immediately and so do not prompt a doctor's visit.
The nursing homes reported 16 cases with epileptic seizures, five of whom had recurrent epileptic seizures. The mean age of these patients was 78.2 years and the most frequently reported cause of their seizures was cerebrovascular disease.
Annual incidence of epilepsy and unprovoked seizures
The age-specific incidence for unprovoked seizures and epilepsy increased with age and reached 120/ 100,000 and 62/100,000 for the 65 age group, respectively (Table 2) . If in this age group the cases from the nursing homes were added then the agespecific incidence for unprovoked seizures and epilepsy increased further to 180/100,000 and 80/ 100,000, respectively. The incidence of both epilepsy and unprovoked seizures in males was higher than in females. The age-specific distribution of the incidence of epilepsy and of unprovoked seizures for both males and females was similar with the agespecific distribution of these incidences in the total population.
The incidence of generalized seizures was highest in the 14-24 age group and thereafter it decreased continuously with increasing age (Table 3 ). In contrast, the incidence of partial seizures was highest in the 65 age group and lowest in the 14-24 age group. The incidence of localization-related epilepsies prevailed over that of the generalized epilepsies and syndromes (Table 3 ). The incidence of localization-related epilepsies peaked in the oldest age group. In this group of patients the incidence was highest for symptomatic epilepsy syndromes followed by cryptogenic and idiopathic localizationrelated epilepsies. The generalized epilepsies and syndromes were most frequent in the youngest age group. Among the generalized epilepsies and syndromes, the idiopathic syndromes had the highest incidence in this age group. Only 27 (16.7%) cases could not be classified according to the syndrome classification of epilepsy.
For the group of patients with unprovoked seizures, it was possible to identify a predisposing cause in 35.5% or 29.6% of all the cases on the CT or MRI, respectively. In comparison, for the group of patients with epilepsy a possible cause was identified in 38.3% or 30.8% of all the cases on the CT or MRI, respectively (Table 4) . Ischemic stroke, followed by central nervous system (CNS) tumors and metastases, were the most frequent found causes of unprovoked seizures and epilepsy. Mesial temporal sclerosis was present only in 1.7% and 3.2% of all patients with unprovoked seizures or epilepsy, respectively. Table 5 shows only the predictive factors for epileptic and non-epileptic seizures that appeared to be statistically significant from the logistic regression analysis. Older age, an epileptiform EEG pattern, and an abnormal CTwere more likely to appear in patients with unprovoked seizures and non-epileptic seizures of organic origin than in the group of patients with non-epileptic seizures of non-organic origin. Alternatively, the latter group was significantly associated with a history of head injury and included more females than the group of patients with seizures of somatic origin. Furthermore, a history of hypertension and cardiovascular disease were significantly associated with non-epileptic seizures of organic origin whereas an epileptiform EEG pattern was more likely to be found in the group of patients with unprovoked seizures only.
Predictors for epileptic and non-epileptic seizures
Discussion
In this prospective population-based study, a strong effort was made to identify all possible cases and to avoid selection bias. Therefore, the surveillance procedure used several sources to identify cases. All cases were discussed collectively and decisions on diagnosis were consensus-based. In addition, in the Netherlands a patient with a seizure, even if he or she has experienced this seizure in a region outside the region of his of her residency, is likely to visit his or her general practitioner.
Although the current study population may not be quite representative of the overall population of the Netherlands in terms of age, sex and ethnic structure, we have found that, by extrapolating our study results to the overall population of the Netherlands, the total annual incidence of unprovoked seizures in the present study (55/100,000) is similar to results from studies in USA (61/100,000), 7 (50.9/100,000), 8 in Sweden (56/100,000), 9 and in Switzerland (45.6/ 100,000). 10 Similarly, the overall incidence of epilepsy in this study (30/100,000) is of the same order as those documented in other population-based studies in industrialized countries: in the USA 35.5/ 100,000, 8 44/100,000, 7 and 48.7/100,000, 11 in the Faroes 42.8/100,000, 12 in Iceland 46.5/100,000, 13 in Italy 33.1/100,000, 14 and in Finland 24/ 100,000. 15 Differences in the overall incidence of unprovoked seizures and epilepsy in the several studies are, in part, due to different case ascertainment methods and due to the varying age distribution of the population across the countries.
The age-specific incidence in the present study increased with age in concordance with other studies in developed countries. This increase of age-180 I. Kotsopoulos et al. specific incidence is found for both the unprovoked seizures and epilepsy and, in particular, most studies have reported a significant increase of incidence in the elderly. 9, 13, [16] [17] [18] [19] In addition, a large prospective population-based study in the UK has observed that most of the incident cases were recruited among the elderly. 20, 21 In the present study, the incidence of unprovoked seizures and epilepsy was higher for males than for females and the age-specific distribution for both males and females was similar with the age-specific distribution of these incidences in the total population. The same pattern has also been found in other incidence studies. 7, 11, [13] [14] [15] 20, 22 The classification of epileptic seizures and syndromes, as it has also been stressed by other authors, 23, 24 depends highly on the use of ancillary tests (EEG, neuroimaging studies). Berg et al. 25 demonstrated that a large part of the epilepsy syndromes in children can be identified and classified accurately early in the course of the disorder depending on the quality and extent of the information available at the time of the initial diagnosis. They 25 found that 2 years after the initial diagnosis in only 9.8% of the cases a rectification was needed. Approximately 80% of the cases with unprovoked seizures or epilepsy in this study was evaluated with an EEG, CT or MRI. This high rate of diagnostic tests permitted a classification of epileptic seizures and syndromes in most of the cases. However, 10.9% of the epileptic seizures and 28.7% of the epilepsy syndromes remained unclassified due to the limited data. The relatively high proportion of unclassified epilepsy syndromes found in our study compared to other studies (23.3% in the study by Manford et al., 26 18% in the study by Zarelli et al., 27 2.6% in the study by Loiseau et al., 28 and 1.4% for the group of patients with more than one seizure at diagnosis in the study by Jallon et al. 23 ) reflects partly differences in the interpretation of the ILAE classification system. For instance, Jallon et al. 23 and Loiseau et al. 28 classified also cases after a single epileptic event whereas in our study a syndromic diagnosis was limited to the cases with epilepsy.
The incidence of all partial seizures in our study is markedly higher than the incidence of all generalized seizures, which corroborates with the findings from other incidence studies. 7, 9, 11, 12, 22 The majority of the partial seizures was secondarily generalized whilst the majority of the generalized seizures was primarily generalized. These differences in the incidence of certain seizure types reflect distribution differences across the age groups. Certain seizure types such as absences are seldom observed after midlife and some seizure types are characteristic of specific epilepsy syndromes which are more likely to occur at younger age (i.e. myoclonic seizures in patients with juvenile myoclonic epilepsy, absences in patients with juvenile absence epilepsy). Moreover, the distribution of certain seizure types and epilepsy syndromes depends on the prevalence of different etiologic factors in each age group. For example, in the present study, complex partial seizures, secondarily generalized seizures and localization-related symptomatic epilepsy occurred more often in the elderly. This is in accordance with other studies 23, 27 which report an increase of localization-related symptomatic epilepsy in the elderly. Elderly patients often have concomitant neurodegenerative, cerebrovascular, or neoplastic disease which can give rise to partial seizures. 29, 30 Stephen et al. 30 stated that the most common cause of seizures in the elderly is cerebrovascular disease (49%), followed by tumors (up to 45%), and head injury (up to 21%).
In most of the population-based incidence studies, the proportion of cases with an identified cause ranges from 23% to 39%. 31 Equally, in this study, in approximately 35% of the patients with epilepsy or epileptic seizures an underlying cause could be identified. In these cases, the most common causes were cerebrovascular disease and brain tumors. These results are in keeping with the literature. 32 In the present study, we also focused on predictive factors which may discriminate patients with epileptic seizures from patients with non-epileptic seizures. As expected, the strongest predictor for patients with epileptic seizures is an epileptiform EEG pattern. Similarly, for the group of patients with non-epileptic seizures of organic origin, there is a high probability of a history of hypertension or cardiovascular disease which may be assumed as the underlying causes of their seizures. Furthermore, older age, which is frequently correlated with concomitant diseases, an abnormal EEG pattern and CT were more likely to appear in the group of patients with seizures of somatic origin. These items can be regarded as factors associated with several underlying causes that can give rise to seizures and result in abnormal findings on CT and EEG. Alternatively, the predictive model for the group of patients with non-epileptic seizures of non-organic origin included the factors female sex and a history of head injury. Females appear to account for a large proportion of the non-epileptic seizures of psychogenic origin, and head trauma has recently been recognized as one of the provoking factors for this type of seizures. 33, 34 However, the reason for these findings is not entirely clear. Sociologic and cultural factors may account for the high incidence of seizures of non-organic origin in women. In addition, head trauma may occur as a consequence of physical abuse, which may be quite common in patients with this type of seizures. 34 Head trauma can also be considered as an independent factor that causes stress in susceptible individuals.
Non-epileptic seizures are often misdiagnosed as epileptic seizures. Obviously, in case of a single seizure, the potential of misdiagnosis is increased. The predictive factors found in this study may assist clinicians in the diagnosis of seizures. Hence, based on certain issues such as findings from diagnostic tests (CT or EEG), they may distinguish patients with epileptic seizures from patients with non-epileptic seizures. However, it should be noted that in case a patient experiences both types of seizures (i.e. epileptic and non-epileptic seizures) probably more predictive factors are needed for an accurate diagnosis.
